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CHOLINERGIC DRUG EFFECTS ON REACTION SPEED AND
SHORT-TERM MEMORY OF PRIMATES

INTRODUCTIOON

The successful performance of many U. S. Air Force tasks
depends on the ability to respond rapidly and accurately to
incoming information. Because the correct response often depends
on the preceding sequence of events, short-term memory (STM), the
ability to retain and act upon information for periods of seconds
to minutes, is often critical for accurate response. To the
extent that STM involves cholinergic neural processes, it is
vulnerable to the effects of chemical warfare agents, antidotes
and pretreatment drugs that modify cholinergic processes. Thus,
it is important to assess the effects of chemical defense
compounds on the performance of tasks that require STM. Since
drugs may affect either the speed or the accuracy of response, or
both, it is important to measure both components of task
performance.

Three experiments on the effects of cholinergic drugs on
speed and accuracy of STM task performance by laboratory primates
are reported here:

1) The first experiment compared the effects of two carba-
mate anticholinesterases, pyridostigmine and physo~ctigmine.
Pyridostigmine is a fielded chemical defense pretreatment drug
that penetrates the blood-brain barrier to a small extent at
most. Physostigmine, which penetrates the blood-brain barrier to
a much greater extent, has been proposed as a pretreatment drug.
It is also of interest because it may mimic some of the effects
of anticholinesterase chemical warfare agents.

2) The second experiment compared the effects of two anti-
cholinergic drugs, atropine sulfate and atropine methylritrate.
Atropine sulfate is a component of all fielded chemical defense
antidotes. It penetrates the blood-bi ain barrier readily.
Atropine methylnitrate, like pyridostigmine, is a ouaternary
compound that penetrates the blood-brain barrier ti a much
smaller extent.

3) The third experiment investigated the rerformance effects
of combinations of atropine sulfate and physostigmine. These two
centrally active drugs have antagonistic effrct. on cholinergic
systems. The extent to which they might cancel each other's
effects on the accuracy and speed of STM task performance has not
been investigated previously.

The effects of cholinergic drugs on memory have been the
subject of a number of investigations (1-4, 6, 9, 11-13, 19, 20,
22, and 24). The present experiments differ from previous ones
in three respects: 1) A larger array of drugs and doses was
studied. 2) The method used to measure STH in these experiments
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involved a titration procedure not eommonly used. 3) Speed of
reaction to all stimuli was measured, providing an opportunity to
examine the effects of chemical defense drugs on reaction speed
in a "choice" context, as well as in a sii,;ple reaction-time task.

The drugs and doses used, as well as relevant prior stud-

ies, will be presented in the context of the individual experi-
ments. The general methods for STM and reaction speed measure-
ment were the same for all three experiments. Methods and
procedures common to all three experiments will be presented be-
fore the individual experiments are discussed.

GENERAL METHODS AND PROCEDURES

Measurement of STM

The task most commonly used to measure STM in laboratory

animals is the delayed match-to-sample (DMTS) task. At the be-
ginning of each trial, the sample, one of a set of stimuli dif-
fering in one or more dimensions (e.g., hue, size, or shape) is
presented to the animal. After the animal has made a response
indicating attention to the sample, this stimulus is removed, and
a delay (the retention interval) ensues. At the end of the re-
tention interval, several stimuli are presented, only one of
which is a "match" to the sample. The animal's task is to remem-
ber which sample was presented, and to choose the "match" from
among the alternatives presented after the delay.

Two strategies have been used to measure differences in the

ability of animals to remember as a function of differences in
drug doses. One is to present a long series of trials in which
the members of a specified set of retention intervals are tested
many times in a randomized order, so that tne probability of a
correct recall at each retention interval can be estimated. This
kind of series is repeated for each dose. As Bartus and Johnson
(4) have pointed out, to demonstrate a drug effect on retention
(STM), it is necessary to mea.sure a significant interaction be-
tween dose and retention interval, such that the probability of a
correct match is more affected at longer retention intervals by
higher doses. This method has two disadvantages:

a) Very large numbers of test trials are required.
b) Dose effects on memory are confounded with extinction

effects (e.g., frustration, lack of incentive).
The first disadvantage arises from the range of retention inter-
vals that must be sampled (long intervals to show weak effects --

short ones to demonstrate strong effects when the animal cannot
perform at longer intervals). The second disadvarntage arises
from the fact that success rates necessarily vary with dose. At
doses that have strong effects, the animals' ability to perform
correctly (especially at long retention intervals) may fall to
the extent that they have no incentive to "work at" the task,
since no amount of effort can raise their performance (and re-
ward) above a chance level.
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The titration method, the second commonly used strategy for
measuring drug effects on STM, reduces both of these problems by
minimizing the number of trials necessary to assess memory capa-
city and by holding success rates approximately constant (16).
The essential feature of the titration method is to make the re-
tention interval contingent on the performance of the animal.
When STM is impaired, so that the animal cannot perform well at
long intervals, the retention interval is adjusted downward, and
vice versa. Over a series of trials, the average retention in-
terval is a direct measure of STM ability.

Reaction Speed Measurement

In addition to the average retention interval, all response
latencies were recorded. Several processes are involved in per-
forming the complex DMTS task. First, the animal must attend to
the sample presentation. The latency of response to this presen-
tation (or its inverse, the response speed) provides an index of
attention. After the retention interval, the animal must choose
among the alternatives presented. The speed of the choice re-
sponse reflects both attention to the task and the cognitive pro-
cesses involved in choosing. Similar experiments (5, 16, 21)
have shown that speed of response to the sample is reliably fast-
er than to the match stimuli, and that unsuccessful match re-
sponses (errors) are slower than correct match responses. Since
the effects of cholinergic drugs on attention and choice proces-
ses might prove to be as important as their effects on STM, the
response speed data were also analyzed.

Subjects

The subjects were six 4- to 6-year-old male rhesus monkeys
(Macaca mulatta) with 6 months to 1 yr of experience with the
delayed match-to-sample task. They were maintained on a 12:12 h
light/dark cycle with lights on at 0400. They were fed twice
daily and water deprived for 16 h prior to testing.

Apparatus

The monkeys were tested in sound attenuating chambers (In-
dustrial Acoustics Company), in the presence of a masking white
noise and an overhead house light (1A, 28V). Four in-line digi-
tal display units (Industrial Electronic Engineering, Inc.) were
mounted behind a panel with a circular hole (2.54 cm dia) for
each display unit. The displays were configured with 3 above and
1 below. The 3 above were 7 cm apart (center-to-center) and 9 cm
each from the center of the display below. Each display was re-
cessed 1.4 cm behind the panel to allow for a photodetection cir-
cuit in front of each display. These circuits provided a re-
sponse input each time a monkey touched one of the displays.
Each chamber was equipped with a delivery tube for liquid reward.
The volume of each reward (approximately 0.1 mL) was determined
by a solenoid valve (LSC-O01, BRS Foringer). The apparatus was
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controlled by a laboratory computer that programmed all stimulus-
response contingencies and recorded the data (8).

Procedure

Appendix A describes the contingencies in the titration
procedure in detail. The Appendix also includes a flow diagram
(Fig. A-i) that shows how the sequence of events during a test
session was determined, as well as the sources of the data. One
of four hues was randomly selected as the sample stimulus for
each trial. The position of the correct match presentation var-
ied randomly from trial to trial, as did the hues and positions
of the incorrect matches. Each test session began with a brief
warm-up period, during which no data were collected. The reten-
tion interval for the first warm-up trial was set at 2 s. The
retention interval was increased by 2 s for each correct match
until the warm-up period ended, either when a correct match oc-
curred at a delay interval of 10 s, or when 2 min had elapsed,
whichever came first. Data collection began with the retention
interval set at 10 s for the first test trial.

The monkeys were tested each weekday between 0400 and 0800
for 30 min after the end of the warm-up. For testing, each ani-
mal was secured in a chair in a sound attenuating chamber with
the stimulus-response panel at eye level and a drinking tube near
his mouth. Each trial began with the onset of a colored light in
the lower display (sample stimulus). The monkey indicated atten-
tion to the sample stimulus by touching it, at which time the
light was extinguished and a juice reward occurred on one-third
of the trials. The offset of the sample was followed by a vari-
able retention Interval that preceded the onset of lights in the
three upper display units (match stimuli). The match stimuli
were three different colors, one of which was always the same
color as the sample stimulus. A response to a match stimulus was
considered correct if the match stimulus was the same color as
the immediately preceding sample. Correct responses to the match
stimuli were always rewarded with juice followed by a 2 s delay
before the next trial began. Incorrect responses resulted in a
variable time-out period with the house light off. Inappropriate
responses during the retention interval resulted in a time-out
period followed by a new trial. The variable retention interval
was determined by the match response and retention interval on
the previous trial. If the match response on the previous trial
was incorrect, the retention interval on the current trial was
decreased one step from the retention interval on the previous
trial. If the match response was correct, the retention interval
was increased by one step with a probability of one-third. The
size of the step was 2 s for intervals less than 20 s and 4 s for
intervals greater than 20 s. This titration procedure assured
that an animal attempting to match-to-sample would be rewarded
for correct responses on an average of 75% of the completed
trials. The median retention interval for each session was re-
corded as a general indicator of short-term memory. Latency to
respond to the sample, latency to a correct match, and latency to
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an incorrect match were recorded and transformed into response
speed for each trial by means of a reciprocal transformation, and
averaged for each test session.

Drug effects were tested on Tuesdays and Fridays. Injec-
tion volumes of drug or saline vehicle were always 0.1 mL/kg of
body weight. Injections were intramuscular (lateral aspect of
thigh); they were given 30 min prior to behavioral testing.

EXPERIMENT I - EFFECTS OF PYRIDOSTIGMINE AND PHYSOSTIGMINE

The theory that cholinergic systems are intimately involved
in normal memory function has received considerable experimental
support in recent years. Anticholinergics have been shown to
disrupt STM in human and nonhuman primate subjects (e.g., 1, 4,
9, 19). If this disruption effect arises from interference with
a cholinergic mechanism directly involved in memory storage, it
follows from the theory that drugs that facilitate cholinergic
transmission (e.g., anticholinesterases) might, in some in-
stances, improve STM. Such a facilitation effect of carbamate
anticholinesterases (physostigmine or neostigmine) has been
sought in a number of experiments (1-4, 11, 12, and 19), with
mixed results. While an STM facilitation effect has sometimes
been found, it appears to be idiosyncratic and not very robust.
With physostigmine, facilitation sometimes occurs at low doses
(.1 to .2 mg/kg), but a performance decrement develops at higher
"doses. Penatar and McDonough (19), using a DMTS task with rhesus
monkeys, found no effect of physostigmine (.25 - .75 mg/kg) on
STM. However, they used the traditional method of sampling re-
tention at four fixed retention intervals, and found that the

S-. monkeys simply stopped responding to the task for periods of time
.. that increased with dose. They were, therefore, unable to meas-

ure STM during the period when the drug was most likely to affect
it.

"The present experiment examined the effects of two carba-
mates on STM and reaction speed. The effects of pyridostigmine
are of interest for two reasons: a) pyridostigmine has been
fielded as a chemical defense pretreatment drug, so its effects
are of operational significance, and b) pyridostigmine penetrates
the blood-brain barrier to a much smaller extent than physostig-

* mine, so differences in the effects of the two drugs can provide
a basis for inferences as to the locus of the effects (central
nervous system or peripheral). The effects of physostigmine are
"of interest because it is a potential chemical defense pretreat-
ment drug that has been shown to afford greater protection than
pyridostigmine (Green, Leadbeater and Reynolds, unpublished
data). The present study directly compares the effects of these
two carbamates on STM and reaction speed.

.. . . *i"° , * S . * *. *. * : .



Methods and Procedures

The doses of physostigmine sulfate were .0 (control), .050,
.075, and .100 mg/kg. The doses of pyridostigmine bromide were
.0 (control), .150, .200, and .250 mg/kg. Physiological saline -
(.9%) was the drug diluent and the control injection. Corre-
sponding doses of pyridostigmine and physostigmine were expected
to produce approximately equal inhibition of serum cholinester-
ase, based on prior experience in our laboratory (10; Bennett,
unpublished data). Every animal received each dose of each drug
on two occasions, so replication was included in the experimental -

design. Order of dose administration was randomized for each
replication for each animal. Median retention interval, sample
response speed, correct match response speed, and error response
speed were the dependent variables. To determine whether either
drug induced long pauses in task performance, the number of
trials completed during the first 15 min of the test sessions
were counted and analyzed..

Results

The data were analyzed by repeated-measures analysis of
variance (ANOVA) with three within-subjects factors: drug, dose,
and replication. The results of all ANOVAs performed are tabu-
lated in Appendix B. A separate analysis was performed for each
dependent variable: median retention interval, mean speed of re-
sponse to sample stimulus (sample speed), mean response speed for
correct matches (correct speed), and mean speed of error matches
(error speed).

The analysis of retention interval showed no reliable ef-
fects of the drugs on STM. However, response speed was affect-
ed differentially by physostigmine and pyridostigmine (Fig. 1).

Data for sample speed, correct speed, and error speed are
shown as Parts A, B, and C, respectively, in Figure 1 and subse-
quent figures in which response speed is the dependent variable.
For all three classes of response, response speed remained near
control levels for all doses of pyridostigmine, but tended to
decline progressively with increasing doses of physostigmine.
This tendency was reflected in a significant (p < .05) drug by
dose interaction for correct speed (Fig. IB) and a nearly signi-
ficant (p < .06) drug by dose interaction for error speed (Fig.
1C).

As Penatar and McDonough (19) observed, there was a tenden-
cy for animals to quit performing the task under the influence of
physostigmine. We analyzed this tendency with a repeated mea-
sures ANOVA of the number of trials completed within the first 15
min of testing (dose and replications were the independent vari-
ables). The significant (p < .05) dose effect is shown in Figure
2. A similar analysis for the effect of pyridostigmine on trial
completion showed no significant effects or interactions.

6
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Discussion

Ne'ý*ther pyridostigmine nor physostigmine produced reliable

changes 1'n STM. Physostigmine produced a dose-related depression
of response speed.. The drug by dose interaction shown in Figure
1B illustrates this effect most clearly. The two highest doses
of physostigmine reduced response speed 15-25%. However, pyrido-
stigmine, at doses about twice as great as those required for
protection against soman lethality (McDonough, unpublished data)
produced no reliable changes in STM or reaction speed. Physo-
stigmine also caused the animals to stop performing the task for
Variable periods of time during the session, whil. pyridostigmine
had no such effect. These findings suggest that 2.•ie use of phy-
Sostigmine as a chemical defense pretreatment drug might jeopar-
dize the performance of tasks that require quick reactions to in-
coming information, while pyridostigmine is relatively safe for
such prophylactic treatment.

"EXPERIMENT II - ATROPINE SULFATE VS ATROPINE METHYLNITRATE

"Anticholinergic drugs (e.g., atropine and scopolamine) in-
terfere with neural and neuromuscular processes by blocking (re-
ducing) the action of the transmitter substance acetylcholine.

*. While atropine is the antidote of choice for anticholinesterase
intoxication, its effects on performance of STM tasks have been
studied very little. However, there has been-considerable re-
search on the effects of scopolamine, a similarly acting cholin-
ergic. In 1967, Bohdanecky and his colleagues (9) showed a dose-
related deficit in STM in laboratory primates for scopolamine,
but not methylscopolamine. Since methylscopolamine has actions
similar to scopolamine at peripheral neural and neuromuscular
synapses, but penetrates the blood-brain barrier poorly, Bohda-
necky et al. concluded that the deleterious effects of scopola-
mine on STM were due to its effects on the central nervous sys-
tem. In a 1971 review of literature on the effects of scopola-
mine, Safer and Allen (22) concluded that it impairs human STM.
More recent studies (20, 24) have further delineated the deleter-
"ious effects of scopolamine on human learning and memory. Exten-
sive experimental work in rodents (6, 13) and laboratory primates
(4) has shown that the human STM deficits induced by scopolamine
are well modeled in laboratory animals.

those The effects of atropine on STM are not as well documented as
those of scopolamine. Drug discrimination studies (15, 18) nave
shown that atropine's effects on the nervous system are closely
related to those of scopolamine. Roberts and Bradley (21) exam-

- mined the effects of atropine sulfate and atropine methylnitrate
on performance of a delayed discrimination task, and found that
both drugs disrupted performance. This finding is not consonant
with the results for scopolamine and methylscopolamine reported
above, and leaves open the question of atropine's effects on cen-
tral processes involved in STM. Penatar and McDonough (19) have
demonstrated dose-related deficits in STM in monkeys on a DMTS

,'.:8
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task produced by atropine sulfate. However, their experiments
did not involve atropine methylnitrate, so the question of cen-
tral vs peripheral effect remains open.

Methods and Procedures

The doses of atropine sulfate and atropine methylnitrate
used were: .0 (control), .044, .140, and .440 mg/kg. Physiolo-
gical saline (.9%) was used as a drug diluent and control injec-
tion. Atropine sulfate and atropine methylnitrate were chosen
because of their well known anticholinergic properties and dif-
ferential penetrance of the blood-brain barrier. Doses were
chosen on the basis of previous experience in our laboratory and
others (17). Order of dose administration was determined by a
random process. Each animal received each drug and dose on two
occasions, so the experimental design included replication as a
treatment effect. As in Experiment I, the number of trials com-
pleted in the first 15 min of each session was recorded and anal-
yzed.

Results

The data were analyzed as in Experiment I. The analysis for
the median retention interval data indicated a significant (p <
.05) replication effect. This effect indicates that the sub-
jects' memory performance improved from the first (10.07 s) to
the second replication (12.58 s). Neither drug no, dose affected
retention interval. The analysis of the sample speed data indi-
cated a significant (p < .01) dose effect (Fig. 3A). As dose in-
creased, response speed decreased, regardless of which drug was
administered. The analysis of correct response speed data (Fig.
3B) did not provide any statistically reliable effects or inter-
actions although the drug effect approached significance (p <
.07).

The analysis of error speed indicated a significant (p <
.05) dose effect and a significant (p < .05) drug by dose inter-
action (Fig. 3C). For atropine, error response speed generally
decreased as dose increased whereas for methylatropine, the error
response speed did not change.

Neither atropine sulfate nor atropine methylnitrate had re-

liable effects on the number of trials completed by the subjects.

Discussion

Neither atropine sulfate nor atropine methylnitrate produc-

ed reliable changes in STM. The significant replication effect
for the median delay data was due to practice effects. The sub-
jects were required to achieve a 70% correct criterion on the ti-
tration before exposure to any drug. Approximately 2 months
elapsed between the end of the first replication and the begin-
ning of the second replication. During that time, the animals
continued training on the task and their performance improved, as

9
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indicated by the longer retention intervals in the second repli-
cation. Longer retention intervals indicate that the subjects
made more correct responses at shorter retention intervals and
therefore increased the interval more frequently during the sec-
ond replication.

The significant dose effect for sample response speed was
due to a decrease in speed as dose increased regardless of the
drug. Apparently, anticholinergic drug treatment slows sample
response speed, which we have taken as indicative of attentive-
ness. Since both atropine sulfate and atropine methylnitrate
produced this effect, we must conclude that the effect arose from
peripheral effects of the drugs. This is in agreement with the
results of Roberts and Bradley (21), who found depressed matching
accuracy with both atropine sulfate and atropine methylnitrate.
The effect did not include a drug interaction with retention in-
terval. The neuromuscular junction is a possible site of this
peripheral effect since neuromuscular synapses are almost always
cholinergic. However, if this hypothesis were true, we would ex-
pect a significant slowing of all response speeds, which did not
occur. Such slowing did not occur for either correct or incor-
rect match responses. Other possible peripheral sites of action
are numerous. Peripheral actions of the drugs may have produced
distracting effects, since this experiment was the first drug-
induced alteration of systemic chemistry experienced by these
animals.

The significant drug by dose interaction for error response
speed is the most interesting of the effects. Figure 3C illus-
trates that the highest dose of atropine caused a significantly
slower error response than either the highest dose of methylatro-
pine or the placebo control (t(15) = 2.5, p < .025, and t(15)
2.4, p < .025 respectively). The same tendency occurred for sam-
ple speed and correct match speed, though neither of these ef-
fects was statistically reliable. It appears that with doses of
atropine low enough to leave short-term memory intact (i.e., no
significant dose effect or dose X drug interaction for retention
interval), error response speed is significantly reduced. Since
errors are clearly associated with conditions of high uncertain-
ty, this implies that the central effects of atropine may be most
apparent in a depression of reaction speed under such conditions.

Unlike physostigmine, atropine did not cause long pauses in
task performance.

EXPERIMENT IlI - COMBINED EFFECTS OF ATROPINE AND PIIYSOSTIGMINE

Even though the effects of physostigmine and atropine are
pharmacologically antagonistic, Experiments I and II showed that
both drugs produce a slowing of response speed. Also, physostig-
mine induced a tendency to quit performing the task, but atropine
did not. Experiment III was designed to determine whether these
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effects would be potentiated by administering the drugs in com-
bination, or whether the pharmacologic antagonism would lead to a
cancellation of effects. This question has clear relevance to
chemical defense, since there are many scenarios in which person-
nel might be exposed to both an anticholinesterase (nerve agent
or pretreatment drug) and an anticholinergic (antidote) simultan-
eously.

Methods and Procedures

Atropine sulfate doses were .0, .14, and .44 mg/kg. Phy-
sostigmine sulfate doses were .0, .075, and .1 mg/kg. These
drugs and doses were factorially combined. The order of adminis-
tration of the nine possible combinations was randomized for each
monkey.

Results

The data for each of the dependent variables were analyzed
by repeated measures factorial analysis of variance. The overall
analysis of retention interval indicated no significant STM ef-
fects. However, specific comparisons of individual doses of the
drugs with control data by t-test indicated a reliable (p < .05)
decrease in retention interval caused by .44 mg/kg of atropine,
and a nearly reliable (p < .08) increase caused by .075 mg/kg of
physostigmine (Fig. 4). While these effects are only suggestive,
they are in agreetnent with previous findings (2, 4).

The analysis of sample response speed indicated a signifi-
* cant (p < .001) interaction between the dose effects of atropine

and physostigmine (Fig. 5A). Sample response speed was slowed by
either atropine or physostigmine alone, but in combination each
drug tended to offset the other's effects. For example, the high
"dose of physostigaiine combined with zero atropine produced a very
slow response speed; the same dose of physostigmine combined with
the high dose :_f atropine produced a response speed near control
levels. The high dose of physostigmine combined with the low

*" dose of atropine produced an intermediate response speed. This
pattern is repeated for varying doses of physostigmine combined
with the high dose of atropine.

The analysis of correct response speed also indicated a
significant (p < .001) atropine-physostigmine interaction
(Fig. 5B). Low doses of each drug, separately and combined,
reduced correct response speed only moderately. High doses of
the two drugs reduced correcT, response speed most when admin-
istered separately; when administered toge!ther, high doses of

. atropine and physostigmine completely antagonized one another's
'. effects on correct rosponse speed.

* The analysis of error response -peeds produced results
similar to those for sample and correct response speeds; the
atropine-physostigmine interaction (Fig. 5C) was significant (p <

* .001). As with sample speed, the low dose of atropine was a less
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effective antagonist of the low dose of physostigmine than of the
high dose of physostigmine.

As in Experiment I, physostigmine tended to make the ani-
mils stop performing the task for variable periods of time. An

. ANOVA of the number of trials completed in the first 15 min show-
ed a significant (p < .05) physostigmine by atropine interaction
"(Fig. 6). Physostigmine alone reduced the number of trials corm-
pleted in a dose-related fashion. Atropine did not have this ef-
feet, but atropine did reduce the effect produced by physostig-
mine. In fact, the high dose of atropine completely cancelled
the physostigmine effect.

Discussion

The results of Experiment TIE, like those of Bartus (2), did
not indicate a strong facilitative effect of physostigmine on
short-term memory (STM). Our low dose of physostigmine did pro-
duce a mean retention interval several seconds higher than the
placebo. However, this difference was not statistically reli-
able. Likewise, although the high dose of atropine in the pres-
ent study produced the lowest mean retention interval, implying -

an interference with STM like that found by others (19), the ef-
fect was only suggestive.

As both Experiment I and Penatar and McDonough (19) showed,
physostigmine interfered with the performance of the DMTS task in
that animals stopped performing at high doses. At the highest
dose, all but one animal in the present study completed substan-
tially fewer trials than normal. Combining atropine with physo-
stigmine reversed the effect.

GENERAL DISCUSSION AND CONCLUSIONS

The drugs that are of highest interest for their prophylac-
tic or antidotal use in response to the threat of nerve agent in-
toxication, pyridostigmine and atropine respectively, do not have
functionally important effects on STM at doses that would be used
therapeutically. Since pyridostigmine produced no major effects
on memory or on reaction speed at such doses, our results indi-
cate that its use in a prophylactic combination would be rela-
tively safe. Both physostigmine and atropine produced minor ef-
fects on STM and more substantial effects on reaction speed, but
the results indicate that each of these drugs tends to cancel the
effects of the other. The cancellation implies that atropine
would tend to ameliorate the effects of low level exposure to
nerve agents on STM and on reaction speed. Physostigmine also
interfered with performance in that animals tended not to perform
the task it the higher doses. Atropine also reversed this ef-
feet.

14
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Reasoning by analogy from these results, we would predict
that a dose of atropine methylnitrate could be found that would
cancel any deleterious side-effects of a prophylactic administra-
tion of pyridostigmine. Reaction speed appears to be a sensitive
indicator of the performance effects of cholinergic compounds of
interest in chemical defense research. Reaction speed is slowest
when subjects make errors. For some tasks, slow reaction speeds
might be so highly predictive of errors that the probability of
costly errors could be greatly reduced by structuring the task so
that such slow responses have no effect, except to require the
operator to repeat the last operation.
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APPENDIX A

Titration Method for STM Measurement

The essential feature of the titration method is that it
adjusts the retention interval in the delayed match-to-sample
paradigm in such a way as to maintain the subject's success rate
at a criterion level. This adjustment is accomplished by reduc-
ing the retention interval (for the next trial) after each error.
The retention interval is increased after correct trials. Suc-
cess rate is controlled either by the ratio of the increases to
the decreases in retention interval (if it is changed on every
trial) or (if increases and decreases are equal in size) by the
ratio of the numbers of. correct trials required for an increase
to the number of incorrect trials required for a decrease. For
example, if the retention interval is changed after every trial,
and the increment is the same size as the decrement, the tendency
is for the interval to vary around a value at which the animal is
correct 50% of the time. This is the case because a success rate
greater than 50% will cause the interval to shift upward, which
will tend to lower the success rate. A success rate below 50%
will cause the retention interval to shift downward, with a con-
comitant increase in success rate. Over a series of trials, the
average interval will be the one at which the animal is able to
achieve a 50% success rate. Thus, this average interval can be
used as a direct measure of the animals' STM capability. When
exposure to a drug changes this capability, the average interval
will stabilize at a new level, but the success rate will remain
near 50%. Other success rates can be achieved by adjustment of
either the increment:decrement ratio (step sizes) or the errors
per decrement:successes per increment ratio. For example, if
either of these ratios is 1:2, the retention interval will equil-
ibrate at a success rate of 66.7%, since a stable interval can
only occur if two-thirds of the responses are correct.

"For the present experiments, the criterion success rate was
75%. This was achieved by response-contingent increments and
decrements of equal size, and a ratio of one error per decrement
to three successes per increment. Thus, for each test session,
the average retention interval was an unbiased estimate of the
retention interval at which the animal could correctly recall the
sample on 75% of the trials.

Figure A-I is a flow chart that shows the sequence of events
* for each trial, the sources of the data that were collected, and --

the trial-to-trial sequential dependencies that determined the
retention interval and the time-out delay for each trial. The
time-out delay was increased in duration at short retention
intervals to prevent animals from adopting a strategy of making
runs of errors to reduce the retention interval to the minimum so
"that they would have more frequent opportunities to receive
reward.
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Appendix B

RESULTS OF ANALYSTS OF VARIANCE

TABLE B-I. PYRIDOSTIGM[NE VS PHYSOSTIGMINE - EXPERIMENT I
--------------------------------------------------------- -----------
A. Median Retention Interval (STM)

------------------------------------- m--------- m --------------------
Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

------------------ ------------------
Drug 37.10 2.40 1,5 0.182
Dose 8.57 1.15 3,15 0.361
Drug X Dose 45.25 1.41 3,15 0.279
Replication 86.30 4.23 1,5 0.095
Drug X Rep. 19.80 0.39 1,5 0.763
Dose X Rep. 7.37 1.49 3,15 0.277
Drug X Dose X Rep. 5.12 0.37 3,15 0.779

B. Speed of Sample Responses
----------------------- --------------------- ------------ ------ -------
Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

. Drug 1.300 3.7•4 1,5 0.111
Dose 0.202 1.34 3,15 0.299

. Drug X Dose 0,147 0.93 3,15 0.452
Replication 0.117 0.10 1,5 0.770
Drug X Rep. 0.402 2.94 1,5 0.147
Dose X Rep. 0.007 0.03 3,15 0.994
Drug X Dose X Rep. 0.186 1.34 3,15 0.299

--------------------------------------- ------------- ----------------

• .•,

C. Speed of Correct Match Responses
------------------------------- --------------------- ------- -------
Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

------------------------------------------------------------
"Drug 0.064 8.99 1,5 0.030
Dose 0.073 1.53 3,15 0.021
Drug X Dose 0.107 4.37 3,15 0.021
Replication 0.084 1.19 1,5 0.325
Drug X Rep. 0.029 2.16 1,5 0.202
Dose X Rep. 0.019 0.70 3,15 0.565
Drug X Dose X Rep. 0.017 0.60 3,15 0.627
---------------------------------------------------------
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TABLE B-I. PYRIDOSTIGMINE VS PHYSOSTIGMINE - EXPERIMENT I (cont'd)

D. Speed of Error Match Responses
-------------------------------------------------------------------

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Drug 0.174 4.30 1,5 0.093
Dose 0.009 0.28 3,15 0.838
Drug X Dose 0.116 3.11 3,15 0.058
Replication 0.001 0.02 1,5 0.899
Drug X Rep. 0.010 0.24 1,5 0.645
Dose X Rep. 0.009 0.28 3,15 0.838
Drug X Dose X Rep. 0.035 1.73 3,15 0.203

E. Number of Trials Completed under Physostigmine
--------------------------------------------------------------------
Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Dose 1305.25 4.36 3,15 0.021
Replication 163.35 0.42 1,5 0.547
Dose X Rep. 198.60 0.94 3,15 0.462

F. Number of Trials Completed under Pyridostigmine

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Dose 1140.39 2.09 3,15 0.159
Replication 5626.02 6.73 1,5 0.050
Dose X Rep. 473.56 0.73 3,15 0.529

.7.
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TABLE B-2. ATROPINE VS METHYLATROPENE -EXPERIMENT 11

A. Retention Interval (STN'

Source of Mean Squared F Degrees of Tail
Variance Deviation Rý.tio Freedom Probability

Drug 28.286 1.75 1,5 0.2144
Dose 13.894 0.48 3,15 0.704
Drug X Dose 5.639 0.33 3,15 0.802
Replication 150.225 7.614 1,5 0.040
Drug X Rep. 416-301 2.81 1,5 0.154
Dose X Rep. 15.478 0.27 3,15 0.846
Drug X Dose X Rep. 17.651 0.89 3,15 0.4167

B. Speed of Sample Responses

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Drug 0.1291 0.46 1,5 0.526
Dose 0.3619 5.51 3,15 0.009
Drug X Dose 0.0450 0.17 3,15 0.913
Replication 0.2625 0.75 1,5 0.426
Drug X Rep. 0.4374 13.79 1,5 0.014
Dose X Rep. 0.i301 0.94 3,15 0.4145
Drug X Dose X Rep. 0.0'142  0,54 3,15 0.664

C. Speed of Correct Match Responses

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Drug 0.1592 5.36 1,5 0.068
Dose 0.0756 1.65 3,15 0.220
Drug X Dose 0.0287 1.10 3,15 0.378
Replication 0-1328 5.18 1,5 0.072
Drug X Pep. 0.0008 0.02 1,5 0.894
Dose X Rep. 0.0375 0.62 3,15 0.610
Drug X Dose X Rep. 0.0010 0.04 3,15 0.990
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* TABLE B-2. ATROPINE VS METHYLATROPINE -EXPERIMENT IT (cont'd)

D. Speed of Error Match Responses

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Drug 0.1873 4.114 1,5 0.097
Dose 0.1212 4.02 3,15 0.028
Drug X Dose 0.0713 3.69 3,15 0.036
Replication 0.0228 1.54 1,5 0.270
Drug X Rep. 0.0070 0.46 1,5 0.529
Dose X Rep. 0.0113 0.28 3,15 0.839
Drug X Dose X Rep. 0.0068 0.4~4 3,15 0.728

E. Number of Trials Completed

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

-----------------------------m-----------------------------------------
*Drug 157.6 2.09 1,5 0.208

Dose 212.5 1.48 3,15 0.261
Drug X Dose 198.4 2.13 3,15 0.1140

*Replication 501.0 2.62 1,5 0.180
*Drug X Rep. 0.5 0.02 1,5 0.905

Dose X Rep. 57.7 0.76 3,15 0.536
Drug X Dose X Rep. 100.4 1.39 3,15 0.284

----------------------------------------------------------------------
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TABLE 8-3. ATROPINE VS PHYSOSTIGMINE -EXPERIMENT III

A. Retention Interval (STM)

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Atropine (A) 25.086 1.32 2,10 0.310
Physostigmine (P) 21.396 0.63 2,10 0.552
A X P 15.150 1.39 4,20 0.272

B. Speed of Sample Responses

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability
Atropine (A) 0.12-8 0.84 2,10 0.459 ----
Physostigmine (P) 0.1870 1.25 2,10 0.329

A X P 0.5974 10.99 4,20 0.0001

C. Speed of Correct Match Responses

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Atropine (A) 0.0261 1.71 2,10 0.230-
Physostigmine (P) 0.0064 0.19 2,10 0.829
A X P 0.1857 18.35 4,20 0.0000

-- - .-

D. Speed of Error Match Responses
-------------------------- &-------------------............................................

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

Atropine (A) 0.0345 1.05 2,10 0.384
Physostigmine (P) 0.0147 0.26 2,10 0.779
A X P 0.1721 8.41 4,20 0.0004

--------------------- -----------------------------------------------------

E. Number of Trials Completed

Source of Mean Squared F Degrees of Tail
Variance Deviation Ratio Freedom Probability

---------------------------------------------------------------------------
Atropine (A) 910.30 3.29 2,10 0.080
Physostigmine (P) 718.14 4.33 2,10 0.044
A X P 613.19 3.27 4,20 0.032
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